In recent years, intriguing hints for the violation of Lepton Flavour Universality (LFU) have been accumulated in semileptonic B decays, both in the neutral-current transitions b → s + − (i.e., RK and RK * ) and the charged-current transitions b → c −ν (i.e., RD, RD * and R J/ψ ). LHCb has reported deviations from the Standard Model (SM) expectations in b → sµ + µ − processes as well as in the ratios RK and RK * , which together point at New Physics (NP) affecting muons with a high significance. Furthermore, hints for LFU violation in R D ( * ) and R J/ψ point at large deviations from the SM in processes involving tau leptons. Together, these hints for NP motivate the possibility of huge LFU-violating effects in b → sτ + τ − transitions. In this article we predict the branching ratios of B → Kτ + τ − , B → K * τ + τ − and Bs → φτ + τ − taking into account NP effects in the Wilson coefficients C τ τ 9( ) and C τ τ 10( ) . Assuming a common NP explanation of RD , R D ( * ) and R J/ψ , we show that a very large enhancement of b → sτ + τ − processes, of around three orders of magnitude compared to the SM, can be expected under fairly general assumptions. We find that the branching ratios of Bs → τ + τ − , Bs → φτ + τ − and B → K ( * ) τ + τ − under these assumptions are in the observable range for LHCb and Belle II.
In recent years, intriguing hints for the violation of Lepton Flavour Universality (LFU) have been accumulated in semileptonic B decays, both in the neutral-current transitions b → s + − (i.e., RK and RK * ) and the charged-current transitions b → c −ν (i.e., RD, RD * and R J/ψ ). LHCb has reported deviations from the Standard Model (SM) expectations in b → sµ + µ − processes as well as in the ratios RK and RK * , which together point at New Physics (NP) affecting muons with a high significance. Furthermore, hints for LFU violation in R D ( * ) and R J/ψ point at large deviations from the SM in processes involving tau leptons. Together, these hints for NP motivate the possibility of huge LFU-violating effects in b → sτ + τ − transitions. In this article we predict the branching ratios of B → Kτ + τ − , B → K * τ + τ − and Bs → φτ + τ − taking into account NP effects in the Wilson coefficients C τ τ 9( ) and C τ τ 10( ) . Assuming a common NP explanation of RD , R D ( * ) and R J/ψ , we show that a very large enhancement of b → sτ + τ − processes, of around three orders of magnitude compared to the SM, can be expected under fairly general assumptions. We find that the branching ratios of Bs → τ + τ − , Bs → φτ + τ − and B → K ( * ) τ + τ − under these assumptions are in the observable range for LHCb and Belle II.
I. INTRODUCTION
After the discovery of the Higgs boson, the search for physics beyond the Standard Model has become a particularly relevant subject. While the LHC has not observed any new fundamental particle beyond the SM ones directly so far, several intriguing hints of New Physics (NP) in semileptonic B decays arose recently.
On the one hand, the b → sµ + µ − flavour-changing neutral current is loop suppressed in the SM and it has been measured by several experiments, showing a collection of deviations from the SM in angular observables and branching ratios. Moreover, the comparison of b → sµ + µ − and b → se + e − through the measurements of R K [1] and R K * [2] for several values of the dilepton invariant mass suggest a significant violation of Lepton Flavour Universality (LFU). All these deviations can be explained in a model-independent approach by NP contributions to Wilson coefficients associated with the operators describing b → sµ + µ − transitions, providing a consistent description of the observed pattern. A recent combined analysis of these observables [3] indeed singles out some NP scenarios preferred over the SM with a significance at the 5 σ level.This confirms the scenarios already highlighted in earlier analyses, mainly restricted * Electronic address: bcapdevila@ifae.es † Electronic address: andreas.crivellin@cern.ch ‡ Electronic address: sebastien.descotes-genon@th.u-psud.fr § Electronic address: hofer@fqa.ub.edu ¶ Electronic address: matias@ifae.es to b → sµ + µ − processes [4] [5] [6] [7] . The significance for these NP scenarios considering only the LFU-violating observables R K and R K * (and excluding other b → sµ + µ − processes) is at the 3-4 σ level [8] [9] [10] [11] [12] . The corresponding violation of LFU between muons and electrons is indeed significant, around 25% at the level of some of the Wilson coefficients.
On the other hand, measurements of the b → c −ν charged current have also shown interesting patterns of deviations, even though these are tree-level processes in the SM which are in general less sensitive to NP. The ratios R D ( * ) , which measure LFU violation in the charged current by comparing the tau mode to light lepton (e, µ) modes, differ from their SM predictions by a combined significance of approximately 4 σ [13] . The effect related to tau leptons in R D ( * ) corresponds to an O(10%) effect at the amplitude level, assuming its interference with the SM. Recently, LHCb released results for the ratio R J/ψ [14] which measures LFU violation in b → c −ν as well. Again, even though the error is large, the experimental central value exceeds the SM prediction in agreement with the expectations from R D ( * ) [15] [16] [17] [18] . Taking into account these hints for NP, we might expect to have a large LFU violation in the neutral current involving tau leptons, i.e., in b → sτ + τ − transitions. In fact, it has been shown in Refs. [19] [20] [21] 
whereas the b → sτ
have not been considered in detail until recently, especially concerning the impact of NP contributions. Only the branching ratio for B → Kτ + τ − was estimated in Ref. [26] including NP effects. Recently, an analysis of branching ratios and tau polarisations in b → sτ + τ − was performed to determine the sensitivity to NP contributions to the Wilson coefficients [27] .
Within the SM, the branching ratios for
and B s → φτ + τ − are known to be of O(10 −7 ) [27-29] and the inclusive B → X s τ + τ − process was assessed in Refs. [26, 30] . Ref. [26] also studied the indirect constraints on b → sτ + τ − operators, finding that the constraints on NP contributions are very loose once the effects in b → sτ + τ − and b → dτ + τ − transitions are correlated such that the stringent bounds from ∆Γ s /∆Γ d are avoided. Interestingly, sizable effects in analogous b → dτ + τ − operators [31] could help solving the longstanding anomaly in the like-sign dimuon asymmetry measured by the DØ experiment [32, 33] .
In this article we look in detail at the b → sτ
We will express their branching ratios in terms of the Wilson coefficients C 9( ) and C 10( ) . In order to compute these processes we will use the same approach as in Ref. [5] to compute b → sµµ observables, substituting muons by taus and taking the relevant form factors in the q 2 -region for the τ + τ − invariant mass where these decays are allowed kinematically. Since the mass of the tau leptons cannot be neglected compared to the B meson, this region is much smaller than for decays to light leptons and we will consider the branching ratios only in the equivalent of the high-q 2 region (or low recoil) for lighter leptons.
The article is structured as follows: In Sec. II, we consider the generic effects of NP originating from vector operators. In Sec. III we correlate the effects in b → sτ + τ − to R D and R D * and study the impact on branching ratios, before we conclude in Sec. IV.
II. EFT APPROACH TO
In this section we express the branching ratios for our b → sτ + τ − processes as functions of C τ τ 9( ) and C τ τ 10( ) and calculate the SM predictions. We define our effective Hamiltonian in the following way, focusing on the relevant operators for our discussion
where C Besides Br (B s → τ + τ − ) SM given in Eq. (3) we use the approach and inputs in Refs. [3, 5, 37, 38] to compute the other processes of interest. Averaging over the charged and the neutral modes for B → K ( * ) τ + τ − we find
The superscript denotes the q 2 -range for the dilepton invariant mass. This broad bin is chosen to leave out the ψ(2S) resonance allowing the use of quark-hadron duality. As discussed in our previous works, our error budget includes in particular a conservative estimate of 10% for duality violation effects, while estimates based on resonance models [39] yield violations around 2%.
In order to assess the structure of the branching ratios including beyond the SM effects, we parametrize both the central value and uncertainty of the branching ratio in each channel as quadratic polynomials in C (7)- (9)). On the other hand, we obtain the same dependence of the central values on the NP contributions to the Wilson coefficients (Eqs. (10)- (12)).
As stated above, in this analysis we neglect the effects of scalar and tensor operators. This is justified since the current global analyses of b → s + − anomalies do not favour such contributions [4] [5] [6] [7] . Moreover, the indirect bounds on the Wilson coefficients of scalar operators from B s → τ + τ − are much stronger than for C 9( ) and C 10( ) [26] and therefore they cannot lead to comparably large and observable effects in
We also neglect tensor operators since they are not generated at the dimension-6 level for b → s + − [40, 41] .
III. CORRELATION WITH R D ( * ) AND R J/ψ
It is interesting to correlate these results with the treelevel b → cτ τ , which is rather large given that these decays are mediated in the SM already at tree level. In order to comply with the B c lifetime [42] and the q 2 distribution of R D ( * ) [43] [44] [45] , a contribution to the SM operator [cγ
is favoured such that there is interference with the SM. In principle, these constraints can be avoided with righthanded couplings [46] (including possibly right-handed neutrinos [47] ). However, no interference with the SM appears for such solutions, which require very large couplings close to the perturbativity limit, and we will not consider such solutions any further.
Since a NP contribution to the Wilson coefficient of the SM V − A operator amounts only to changing the normalisation of the Fermi constant for b → sτ + τ − transitions, one predicts in this case:
which agrees well with the current measurements. If NP generates this contribution from a scale much larger than the electroweak symmetry breaking scale [48, 49] , the semileptonic decays involving only left-handed quarks and leptons are described by the two SU (2) Linvariant operators
where the Pauli matrices σ I act on the weak-isospin components of the quark (lepton) doublets Q (L). Note that there are no further dimension-six operators involving only left-handed fields and that dimension-eight operators can be neglected for NP around the TeV scale. This approach has been used to correlate Wilson coefficients of the effective Hamitlonian for both charged-and neutralcurrent transitions in various broad classes of NP models (some examples are found in Refs. [19, [50] [51] [52] ).
After electroweak symmetry breaking, these operators contribute to semileptonic b → c(s) decays involving charged tau leptons and tau neutrinos. Working in the down basis when writing the SU (2) components of the operators in Eq. (14) (i.e., in the field basis with diagonal down quark mass matrices) we obtain
where C (n) ij denote the Wilson coefficients for O (n) ij33 . We neglect the effect of C τ , where no deviation from the SM is observed [53, 54] . We will thus not consider this contribution any more.
As a consequence, we see that b → cτ −ν τ processes receive a NP contribution from C (3) 33 also in scenarios with a flavour-diagonal alignment to the third generation, which would avoid any effects in down-quark FCNCs. However, due to the CKM suppression of this contribution, a solution of the R D ( * ) anomaly via this contribution requires a rather large C (3) 33 coming into conflict with bounds from electroweak precision data [55] and direct LHC searches for τ + τ − final states [56] .
The R D ( * ) anomaly can thus only be solved via C 23 [52] . Such a situation can for instance be realized by a vector leptoquark singlet [19, 21, 50, 58, 59] or by combining two scalar leptoquarks [20] . Neglecting small CKM factors, the assumption C 
This correlation means that effects in b → sτ + τ − are of the same order as the ones required to explain R D ( * ) , i.e., of the order of a tree-level SM process. We may neglect Cabibbo-suppressed contributions and assume that the NP contribution to b → cτ −ν τ is small compared to the SM one, so that we keep only the SM contribution and the SM-NP interference terms in b → cτ −ν τ decay rates. We find the relation
with
In our framework, ∆ is independent of the exclusive is model independent, in the sense that the only ingredients in the derivation are the assumptions that NP only affects left-handed quarks and leptons and that it couples significantly to the second generation in such a way that experimental constraints can be avoided. We stress that the factor multiplying the bracket in Eq. (18) is very large (around 860). Using the current values for R D ( * ) , we obtain a positive (respectively negative) NP contribution to the Wilson coefficient C τ τ 9 (respectively C τ τ 10 ) parametrised by ∆ = O(100) which overwhelms completely the SM contribution to these Wilson coefficients. Such large values of the Wilson coefficients are not in contradiction with the constraints obtained in Ref. [26] (when comparing with the results of this reference, one must be aware of the different normalisations of the operators in the effective Hamiltonian).
In view of these huge coefficients, we provide predictions for the relevant decay rates assuming that they are completely dominated by the NP contribution ∆, and thus neglecting both short-and long-distance SM contributions. We obtain the branching ratios of the various
where the last three branching ratios are considered over the whole kinematic range for the lepton pair invariant mass q 2 (i.e., from 4m 2 τ up to the low-recoil endpoint). We neglect the contributions only due to the SM. In the above expressions, the uncertainties quoted come from hadronic contributions multiplied by the short-distance NP contribution ∆. A naive estimate suggests that the contribution of the ψ(2S) resonance to this branching ratio amounts to 2 × 10 −6 , which is negligible in the limit of very large NP contributions considered here. We thus may calculate the branching ratios for the whole kinematically allowed q 2 region, from the vicinity of the ψ(2S) resonance up to the low-recoil endpoint, assuming that the result is completely dominated by the NP contribution.
Since we neglected all errors related to the SM contribution for the semileptonic processes, we should do the same for as the different scales used to compute the Wilson coefficients here and in Ref. [24] , leading to a relative uncertainty of 4.7% (to be compared with the larger 6.4% uncertainty in Eq. (3) that includes other sources of uncertainties irrelevant under our current assumptions).
In Fig. 1 , we indicate the corresponding predictions as a function of R X /R SM X (assumed to be independent of the b → c −ν hadronic decay channel X in our approach). We have also indicated the current experimental range for R X /R SM X , obtained by performing the weighted average of R D , R D * and R J/ψ without taking into account correlations. We see that the branching ratios for semileptonic decays can easily reach 3 × 10 −4 , whereas B s → τ + τ − can be increased up to 10 −3 .
Up to now, we have discussed the correlation between NP in b → cτν τ and b → sτ + τ − under a limited set of assumptions that are fairly model independent. A comment is in order concerning the implications of these assumptions for b → sµ + µ − . If we assume that the same mechanism is at work for muons and taus, we obtain also a correlation between b → sµ + µ − and b → cµ τ decays come from a NP contribution to the left-handed four-fermion vector operator, this NP contribution is due to physics coming from a scale significantly larger than the electroweak scale, and the resulting contribution to b → sν τντ is suppressed.
Under these assumptions, an explanation of R D ( * ) requires an enhancement of all b → sτ + τ − processes by approximately three orders of magnitude compared to the SM. In this case, the predictions for the branching ratios are completely dominated by NP contributions and can be expressed simply as
Br B s → φτ + τ − ≈ 0.007
with uncertainties of a few percent, when integrated over the whole kinematic region allowed for the dilepton invariant mass. The corresponding enhancement yields branching ratios between 10 −4 and 10 −3 for these modes, as illustrated in Fig. 1 .
Our study confirms the potential of b → sτ + τ − decays to look for NP in the context of the measurements searching for violation of LFU in semileptonic b-decays. It is thus highly desirable to look for these decays in the current and forthcoming experiments studying b-decays such as LHCb and Belle II, which will provide complementary analyses of these decays with the exciting opportunity to discover NP in these transitions.
